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1 Introduction

Inter-gNB direct/indirect to indirect path switch was discussed at the last RAN3 meeting.  One main question for this scenario that was discussed via email was which node (source gNB or target gNB) selects the target relay during the path switch.  While no conclusion was made, RAN3 agree to further discuss a number of options [1]:

Turn WA to agreement: Source gNB selects the target path type (direct or indirect).

Focus on the following two ways for the future discussion,

- Way1: to go for Op1, and Op2 can be further discussed.

- Way2: accept Op2, or at least as a compromise.

No more discussion on Op3 in RAN3.

For Op2, continue discussion on following:

- FFS on which node (source node or target node) decides the target cell in case of inter-gNB path switching

Proponents of Option 2 should provide more details on the whole mechanism, e.g.,

- Whether source node can choose candidate relay UEs belonging to multiple target cells or can we restrict to candidate relays belonging to one target cell

- Whether source node can choose candidate relay?UEs belonging to multiple target gNBs or can we restrict to candidate relays belonging to one target gNB

- Potential stage-3 impacts (e.g., number of candidate relays that needs to be signaled to target gNB) 
In this contribution we analyse both options and provide recommendation to support option 1.

2 Discussion

The figure below illustrates the overall procedure for inter-gNB direct to indirect path switch being proposed in RAN2 [2].  Without loss of generality, the same discussion can apply to the case of inter-gNB indirect to indirect path switch.
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In the above figure, the source gNB (gNB X) receives measurement reports from the remote UE (in step 1).  The measurement reports contain a list of cells or relays that can be used for direct-to-direct path switch (i.e., legacy HO) or direct-to-indirect path switch respectively.  For the list of relays, the measurements consist of the PC5 quality between the remote UE and the potential relays, measured from discovery transmissions by the potential relays.  Using the cell and relay measurements, gNB X decides to switch the path to a relay connected to gNB Y (step 2) and send the HO request.  The main difference between the options discussed in RAN3 is whether the source gNB selects the relay or the selection is done by the target gNB after the HO request.

If option 1 is adopted, the source gNB selects a single target relay UE, and sends the HO request to the gNB controlling the selected relay.  This option has some significant advantages:

· 1) the path switch decision is entirely at the source, which is more closely aligned with legacy HO decision

· 2) the procedure for inter-gNB direct to indirect will be aligned with inter-gNB indirect to direct.  Specifically, in the later, it is expected that the source gNB selects the target cell. 

· 3) No additional information other than the HO decision is required in Xn signalling.

Observation 1:
Option 1 has the following advantages: 1) alignment with legacy HO; 2) alignment of the direct/indirect to indirect and indirect to direct procedures 3) simplified Xn signalling.
A number of companies have pointed out that the major downfall of option 1 is that the Uu quality between the selected relay and the network is not taken into account during the HO decision because it is not reported to the source gNB.  In our opinion, the use of these measurements is an optimization and not doing so would not lead to handover failures.  Specifically, a potential relay UE is configured to transmit discovery signals based on Uu RSRP conditions which ensure it is in good network coverage.  As a result, though the source gNB could end up performing the path switching to a relay UE that may not have the best backhaul Uu conditions as compared to the other relay UEs, there should not be cases where the switch is done to a relay UE whose backhaul Uu link is completely unacceptable.  

Observation 2:
Not using the Uu measurements of the potential relays would not cause handover failures because the target relay UE is configured to transmit discovery only when in acceptable network coverage.
To try to address the issue, some companies have proposed option 2 which allows the target gNB to make the final decision of the relay based on knowledge of the relay’s Uu measurements.  However, in analysing a target gNB decision more closely, there seems to be several open issues which are not straightforward to address.  

Firstly, while option 2 may be feasible when the potential target relay UEs are all under the control of a single gNB, how to handle the case when the relay UEs are in more than one target gNBs is not clear.  Since the source gNB needs to decide to which target gNB to send the HO request to, it would still need to make this decision based on measurements of the SL only. For example, consider a case where there are two candidate relay UEs under gNB1, and two candidate relay UEs under gNB2. The source gNB may choose gNB1 as the target gNB based on the SL radio conditions of one of the relay UEs under gNB1, and using option2, the path switching may be finally decided by gNB1 towards one of these relay UEs that has the best backhaul Uu. However, it could be that the relay UEs under gNB2 may have much better backhaul Uu conditions. The only way the optimal choice can be made in option 2 is to have the two target gNBs negotiate the single handover target. 
Observation 3:
In option 2, how to handle the case where the potential target relay UEs are under the coverage of different (more than one) candidate gNBs is not clear, as the source gNB still has to choose the target gNB based only on SL conditions or would require complicated Xn signalling because there isn’t a single decision point when multiple gNBs are targets. 
Secondly, a path swich/HO decision should consider both candidate relays (a relayed path) as well as candidate cells (a direct path) for the remote UE.  While the target gNB can select between multiple candidate relays under the control of that target gNB, it cannot consider/compare measurements of target cells as this should be done by the source gNB as in legacy HO.  
Observation 4:
In option 2 the network cannot decide between path switch/HO to a cell vs path switch to a relay because such decisions would be made in different nodes.
Finally, the use of Uu measurements of the relay’s link in making the path switch decision is only limited to target relay UEs in RRC_CONNECTED.  For path switch to a relay UE in RRC_IDLE/RRC_INACTIVE, the network does not have Uu measurements for that target relay UE and use of option 2 provides no benefits over option 1.
Observation 5:
Measurements of the Uu link by the target relay UE are only available at the target gNB for target relay UEs which are in RRC_CONNECTED 
Additionally consider that it is RAN2’s job to define the measurements that are used by the gNB for handover and it is RAN3’s job to define the architecture of that, and RAN3 has always had a single point of decision for handovers and it is the source gNB.

Furthermore, if optimizations of the handover decision that use the relay’s Uu quality are needed, it would be best that these optimizations are achieved by having the measurement reports sent to the source gNB provide such information to fit the ongoing architecture.   
Observation 6:
If the existing measurements are not sufficient for a robust handover to/from relay UEs It is in RAN2’s domain to change it. Changing the architecture in that case is like treating the symptoms instead of the disease.
Based on the above observations, we think it would be simplest to agree to option 1 in RAN3.  

Proposal 1:
Option 1 is agreed: source gNB selects the target relay UE.

Proposal 2:
If optimizations are needed for service continuity, enhancements can be made to the measurement reports sent to the source gNB that consider relay UE's backhaul Uu quality, while still keeping the well-known HO architecture where the source makes the final target selection.
3 Conclusion

In this contribution, the following observations were made on the selection of the target relay UE for service continuity

Observation 1:
Option 1 has the following advantages: 1) alignment with legacy HO; 2) alignment of the direct/indirect to indirect and indirect to direct procedures 3) simplified Xn signalling.
Observation 2:
Not using the Uu measurements of the potential relays would not cause handover failures because the target relay UE is configured to transmit discovery only when in acceptable network coverage.
Observation 3:
In option 2, how to handle the case where the potential target relay UEs are under the coverage of different (more than one) candidate gNBs is not clear, as the source gNB still has to choose the target gNB based only on SL conditions or would require complicated Xn signalling because there isn’t a single decision point when multiple gNBs are targets. 
Observation 4:
In option 2 the network cannot decide between path switch/HO to a cell vs path switch to a relay because such decisions would be made in different nodes.
Observation 5:
Measurements of the Uu link by the target relay UE are only available at the target gNB for target relay UEs which are in RRC_CONNECTED 
Observation 6:
If the existing measurements are not sufficient for a robust handover to/from relay UEs It is in RAN2’s domain to change it. Changing the architecture in that case is like treating the symptoms instead of the disease.
Based on these observations, the following conclusions were made:

Proposal 1:
Option 1 is agreed: source gNB selects the target relay UE.

Proposal 2:
If optimizations are needed for service continuity, enhancements can be made to the measurement reports sent to the source gNB that consider relay UE's backhaul Uu quality, while still keeping the well-known HO architecture where the source makes the final target selection.
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